A simple method for estimation of mean angle of deflection i.e. slant angle of wind driven rain from vertical has been recapitulated. The method has been used for computation of average slant angles of rain for twelve driving rain prone stations, viz., Bhopal, Mumbai, Calcutta, Cochin, Indore, Kodaikanal, Mangalore, Port Blair, Sagar Island, Tiruchchirapalli, Tiruvananthapuram, and Veraval. Based on ten years data on mean hourly wind speed and hourly rainfall, the cumulative probability distribution of angle of deflection of rain at these stations were determined and optimum values of these angles were worked out. The values vary broadly from 50 o to 65 o for the stations covered in the present study.
Introduction
Rain carried along at an angle to the vertical by the wind is usually known as 'Driving Rain'. Knowledge of angle of deviation of rain from the vertical is needed for design and development of rain protecting systems for walls and windows. Earlier studies related to driving rain carried out at Central Building Research Institute, Roorkee [1] provide comprehensive information about the angle of deflection of raindrops of various sizes for different values of wind speed. In addition to this, the percentage bulk of water content associated with drops of different sizes for rains of different intensities are also available in these studies. This information is quite useful for estimating the quantitative distribution of rainwater impinging at various angles on a wall for a given wind speed and nature of the rainfall. Since data archived by India Meteorological Department are available in the form of mean hourly rainfall and wind speed, the aforesaid information available in the literature is difficult to be used for estimation of mean angle of deflection i.e. slant angle of rain at a given station. Further, to design and develop rain protecting devices for walls and windows at a given station, it is quite pertinent to know the most probable and optimum values of mean angle of deflection of rain. This necessitates knowledge of the frequency of occurrence corresponding to different values of mean angle of deflection of rain. To generate this information, an alternative approach reported by World Meteorological Organisation [2] has been followed. The frequency distribution of angle of deflection of rain was studied for twelve stations which belong to the category of driving rain prone stations in India. Finding of these studies are reported in this paper.
Driving rain prone stations
Driving Rain Index proposed by Lacy [3] is a well known basis [4] for assessing the level of exposure of a wall to wind driven rain. Stations that have average annual driving rain index more than three are considered to be prone to driving rain. These stations as identified in an earlier study [5] are depicted in Fig.1 . Though it was desirable to work out optimum slant angles of rain for all these stations, the exercise had been possible only for the twelve stations for which hourly records of co-occurrence of rainfall and wind could be procured from India Meteorological Department. The details of these stations and the period of data used for the present study are given in Table1. 
Computation of angle of deflection of rain from the vertical
Based on the experimental studies carried out at the Norwegian Building Research Institute, Sagadashvili [6] proposed following relationship between the intensity of rainfall and mean speed of falling rain drops, Using these data, values of rain deflection angles with maximum frequency of occurrence can be easily determined. Further processing of data was also carried out to estimate the values of cumulative frequencies, and cumulative probability of occurrence of various angles of deflection of rain. The results are depicted in Fig3. The data generated are useful for determination of the probable angle of deflection of rain corresponding to a desired value of cumulative probability. 
Optimisation of angle of deflection of rain
It is evident from equation 2 that larger angles of deflection of rain correspond to rain of low intensities and high wind speeds. Since intensity of rainfall on vertical surfaces is proportional to the intensity of rainfall on horizontal surface, hence the amount of water carried on to walls by the rain which has been too much deviated from the vertical might not cause too serious problem. Further, situations with simultaneous occurrence of heavy rain and high wind speeds do not occur frequently. Hence angle of deflection of rain from vertical with cumulative probability equal to 0.9 provides an appropriate basis for development of rain protecting devices. Such angles along with the most probable angles of deflection of rain for all the stations covered in the study are given in Table 2 . It is observed that at about 90% occasions the angle of deflection of rain normally lies between 50 o to 65 o . Hence rain protecting devices with their design based on these values should be good enough to provide protection against the driving rain for major period of the rainy season in the driving rain prone areas of the country.
Discussion
Necessity of the knowledge of the angle of deflection of wind driven rain from vertical for design and development of devices for protection of walls and windows against the rain has been emphasized. A simple method for the estimation of these angles has been recapitulated. Based on this method, the mean slant angles of rain were determined for twelve driving rain prone stations in India. The stations covered are Bhopal, Mumbai, Calcutta, Cochin, Indore, Kodaikanal, Mangalore, Port Blair, Sagar Island, Tiruchchirapalli, Tiruvananthapuram, and Veraval. Using ten years data of mean hourly wind speed and rainfall, cumulative probability distribution of the slant angles of rain at these stations were worked out and optimum values of these angles were determined. The values were found to vary broadly from 50 o to 65 o for the stations covered in the present study.
